homeless people is common, with a prevalence ranging from 2% to 22%, depending on the location and sample selected. [6] [7] [8] [9] [10] [11] [12] The combination of HIV and homelessness is particularly ominous, as homeless people are less likely to take the medications responsible for improved health among the general HIV-positive population. 13 When antiretroviral therapy is prescribed, adherence can be challenging for homeless patients because of the necessary focus on meeting day-to-day needs for food, shelter, and clean clothing. 14, 15 In addition, a multitude of other daily challenges that are prevalent among the homeless-substance abuse, mental illness, physical disability, and poverty-makes it unlikely that any single intervention can entirely reverse these health outcomes. 16 Despite this generally gloomy outlook, cohort studies have demonstrated that interim housing 17 and supportive housing 18 can reduce hospitalizations and that case management can improve medication adherence. 19 As a next step, prospective, randomized controlled trials are needed to reliably estimate the true effect of supportive housing and case management. Although randomized trials of supportive housing have documented improved rates of abstinence among homeless drug users seeking treatment, 20 there are no published randomized trials assessing health outcomes. Therefore, we conducted a randomized controlled trial to determine the health benefits of a broad-based intervention of permanent housing and intensive case management among homeless persons hospitalized with a chronic medical illness.
METHODS
The Chicago Housing for Health Partnership (CHHP) was developed to meet the challenge of providing housing to the most disadvantaged homeless people in the city: those with chronic illnesses who are being discharged from a hospital. The program model was community based and collaboratively created and monitored by an oversight committee composed of the leadership of all involved partner agencies. The CHHP was a group of 8 nonprofit agencies that provided supportive housing and 2 agencies that provided interim housing or respite care. Supportive housing was defined by the intervention as housing without time limits combined with services to help participants to live more stable, productive lives.
To evaluate this new service model, we designed a prospective randomized trial to examine the effect of supportive housing and intensive case management on health service utilization. For the study, we enrolled homeless patients with at least 1 of 15 chronic illnesses from 2 urban hospitals that were members of the partnership and known to have large numbers of unstably housed patients. The chronic illnesses were associated with increased mortality in the homeless 21 and were verified through review of physician hospital notes. This trial is the health outcomes portion of CHHP. From these 15 chronic illnesses, we chose to focus our assessment of the health impact of CHHP on those patients who had HIV because it was the most common chronic illness that qualified patients for the study (35% of enrollees) and because HIV has objective biological markers of disease progression. We collected blood specimens from the HIV-positive patients who were enrolled in the CHHP trial at John Stroger Hospital of Cook County from October 2003 through May 2006. We chose to prospectively focus the study on this enrollment site because pilot data indicated that the vast majority of HIV-positive enrollees would be recruited at this site and that this site includes the largest outpatient HIV care center in the Midwest that would capture CD4 counts and viral loads completed as part of usual clinical care. To contain costs, we did not obtain blood specimens from participants enrolled at the other site.
Patients
We recruited participants from the inpatient medical and surgical service of John Stroger Hospital of Cook County (formerly Cook County Hospital) in Chicago, Illinois. The hospital's social work staff recruited patients as Objectives. We assessed the health impact of a housing and case management program, the Chicago Housing for Health Partnership, for homeless people with HIV.
Methods. HIV-positive homeless inpatients at a public hospital (n = 105) were randomized to usual care or permanent housing with intensive case management. The primary outcome was survival with intact immunity, defined as CD4 count ‡ 200 and viral load < 100 000. Secondary outcomes were viral loads, undetectable viral loads, and CD4 counts.
Results. Outcomes were available for 94 of 105 enrollees (90%). Of 54 intervention participants, 35 (65%) reached permanent housing in program housing agencies. After 1 year, 55% of the intervention and 34% of the usual care groups were alive and had intact immunity (P = .04). Seventeen intervention (36%) and 9 usual care (19%) participants had undetectable viral loads (P = .051). Median viral loads were 0.89 log lower in the intervention group (P = .03). There were no statistical differences in CD4 counts.
Conclusions. Homelessness is a strong predictor of poor health outcomes and complicates the medical management of HIV. This housing intervention im- part of their usual work activities. One of the hospital social workers was supported by the program and acted as each enrolled participant's initial case manager. We considered patients eligible for enrollment if they met the following criteria: they had no source of stable housing (i.e., housing for which there were no time limits and for which the person had adequate resources to maintain occupancy) during the 30 days before hospital admission and they were seropositive for HIV. We excluded patients if they were (1) unable to speak or understand English or Spanish, (2) unable to provide informed consent, (3) unable to care for themselves in an independent living environment, or (4) guardians of minors that required housing. To improve the generalizability of our results, we required no run-in period and made no attempts to identify participants who would be more likely to adhere to study visits.
Assessment at Enrollment
Research associates interviewed participants at the time of enrollment to obtain written informed consent and to collect demographic information. We collected information on participants' self-reported race/ethnicity because, based on the demographics of other similar homeless cohorts, we expected that a large proportion of participants would be African American, and therefore the results of the study would have implications for addressing racial/ethnic health disparities. We assessed baseline substance use with the Addiction Severity Index. 22 
Randomization and Intervention
We stratified the randomization for the CHHP study by the hospital of enrollment but not by diagnosis. We assigned patients to groups through the use of a computerized list generated by D. B. with group assignment sealed in an opaque numbered envelope. We completed the baseline interview before revealing the group assignment to the participant and interviewer.
Patients in the usual care group received the discharge planning usually provided to homeless individuals during a hospital stay. This planning included referrals to overnight shelters or to interim housing providers. All usual care participants were eligible to receive case management through an existing Ryan White program in the hospital-affiliated HIV/AIDS clinic. The Ryan White case managers were free to refer their clients to housing programs in the community. Peer substance abuse mentors interviewed all inpatients at this hospital as part of a separate project and provided referrals to substance abuse treatment facilities when appropriate.
A case manager who was part of the hospital's social work staff saw patients in the intervention group. This individual explained the intervention and provided referrals for interim housing after hospital discharge. Patients who could abstain from drug and alcohol use were referred to a respite care center described previously. 17 Patients who could not abstain from drug or alcohol use were referred to a shelter where they could stay as long as they were not disruptive to the other guests. Although this was an overnight shelter, CHHP participants were able to stay there during the day to finish recovering from their hospitalization. Participants in the intervention group who were at the respite center or the overnight shelter were provided with a case manager who helped the participant apply for permanent supportive housing at 1 of the CHHP partner agencies. The CHHP housing partners were a group of 8 nonprofit agencies that provided supportive housing and 2 agencies that provided interim housing or respite care. Each agency also had a CHHP case manager on staff that facilitated housing referrals for intervention participants and provided intensive case management to participants housed by their agency. The particular housing program the individual and case manager selected depended on a range of clinical and demographic factors such as gender, presence of HIV infection, ability to abstain from drug and alcohol use, and the desire of the individual to live in a particular part of the city. Some of the housing was provided in buildings owned by the housing partners, but the majority was provided in scattered site apartments that were leased from traditional landlords. Intervention housing utilized tenantbased, federal grant-funded vouchers that allowed participants to change housing location if necessary.
Federal rules were enforced at all sites and rents varied from $550 to $800 a month, with participants contributing based on their income level. In addition to the housing referrals, the case managers provided a wide range of supports to clients, including assistance with applying for benefits, obtaining government identification, negotiating with landlords, learning life skills, and organizing medical appointments. No traditional health care services were provided to the intervention participants at the permanent housing sites.
Outcomes
Although the phlebotomists, laboratory technicians, and data analyst were blinded to group assignments, study participants and study personnel arranging transportation to the phlebotomy sites could not be blinded. Therefore, we focused on outcomes that subjective interpretations would not affect. We chose survival with intact immunity as the primary endpoint of our study after enrollment began but before data analysis. We selected it because we believed it to be the best overall objective measure of participants' health. We defined this endpoint as being alive 12 months after enrollment with a CD4 count of greater than or equal to 200 and a viral load of less than 100 000. These cutoffs were chosen based on epidemiological studies that indicated that patients with a CD4 count less than 200 or a viral load greater than 100 000 have increased mortality and more opportunistic infections. 23 Secondary outcomes were CD4 counts, viral loads, and the fraction of patients with undetectable viral loads.
Patients were taken to a reference laboratory, Quest Diagnostics, for phlebotomy 1 year (628 days) after enrollment and were given $40 in compensation. For patients who could not be located, were in jail or prison, had died, or had moved out of state, we reviewed the laboratory records from the enrolling public hospital system. We collected the results completed as part of participants' usual outpatient care during the 2 years after enrollment. The laboratory results that were closest to the 1-year postenrollment date were included in the analysis. When patients died but had CD4 counts and viral loads completed as part of their postenrollment clinical care, we included these results in the CD4 count and viral load analysis to not bias the results toward analyzing healthier participants. We collected information about deaths by 2 methods. First, our research staff became aware of deaths through tracking the participants to complete interviews at 1, 3, 6, 9, and 12 months. We verified the dates and locations of these deaths by reviewing death certificates or medical records. Second, for participants we could not verify to be alive, we reviewed the Social Security Death Index. 26 
Statistical Analysis
We considered participants to have remained part of their randomized groups regardless of whether they successfully found housing. Although the laboratory observations closest to the 12-month postenrollment target were judged to be best for accurately assessing the intervention's impact, a last observation forward analysis was also completed in which the last observation before the 12-month target was analyzed. A last observation forward analysis for the missing data is more conservative, as it tends to underestimate the effect of the intervention. We used the c 2 test for all comparisons of categorical variables in the study. We used the independent sample t test to compare continuous variables for the groups' baseline statistics. We used the Note. There were no statistically significant differences in baseline characteristics between the randomized or analyzed groups. We assessed lifetime substance use with the Addiction Severity Index. 22 Ellipses indicate the branch point when patients were randomly allocated into the 2 groups. a Total days do not equal 30 in some groups because of rounding.
RESEARCH AND PRACTICE
Mann-Whitney U test to compare HIV viral loads and CD4 counts. We analyzed the data with SPSS for Windows version 14 (SPSS Inc, Chicago, IL).
RESULTS
Patient demographic characteristics are summarized in Table 1 . The typical profile for an enrolled participant was an African American man in his 40s who had completed a high school education and had never married. The majority used cocaine and alcohol, and many used heroin. The most common locations where patients had slept during the past 30 days were with family or friends, on the streets, or in shelters. There were no statistically significant differences in the baseline demographic characteristics for the 2 study groups. Seventy-five percent of HIV-positive participants in the overall CHHP study were enrolled at John Stroger Hospital, the location examined for this health outcomes assessment.
Of the 105 HIV-positive patients who were enrolled in the CHHP study at the public hospital site after October 2004, 11 died during the following 12 months. Of the remaining 94, 55 had blood tests completed at the reference laboratory and 28 had CD4 counts or viral loads completed as part of their usual outpatient care within 2 years of enrollment. Eleven patients (10%) were not known to have died and did not have any laboratory assessment completed. Of these, 3 were known to be in jail or prison, 1 had moved out of state, 1 refused the blood draw, and 6 could not be contacted.
Of the tests done as part of usual outpatient care, 9 had viral load measurements with the Roche assay (4 usual care, 5 intervention) and 21 had viral load measurements with the Bayer Versant assay. Of the 11 patients who had died, 4 had CD4 counts (3 intervention, 1 usual care) and 3 had viral loads (2 intervention, 1 usual care) completed as part of usual outpatient care after enrollment and before death. There were no statistical differences in baseline characteristics between those with and without laboratory data. Overall, 87 patients (83% of enrolled patients) had laboratory outcomes available for analysis.
Of the 54 patients randomly assigned to the intervention group, 39 (72%) reached interim housing and 35 (65%) reached permanent housing at 1 of the 8 housing agencies involved in the program.
Primary Outcome
For the primary outcome, 26 (55%) patients in the intervention group and 16 (34%) patients in the usual care group were alive after 12 months of follow-up and had intact immunity (CD4 ‡ 200 and viral load <100 000 at the time of their laboratory assessment; P = .04). The difference in primary outcome was still significant when we excluded laboratory results from the Roche assay (P = .04), when we defined intact immunity as a CD4 count of greater than or equal to 200 and viral load of less than 10 000 (P = .03), or when we used survival with a CD4 count greater than or equal to 200 for the calculations (P = .05). When the last laboratory value preceding the 12 month follow-up was used instead of the laboratory value closest to the date, the difference in primary outcomes was still significant (P = .03).
Because of the presence of missing data, we performed 2 additional sensitivity analyses.
In the first, we assumed that all missing data did not support our hypothesis that the intervention improved survival with intact immunity. In the second, we assumed that all missing data supported the hypothesis. Assuming the missing data did not support the hypothesis, the relative risk for the primary outcome among the intervention group was 1.2 (95% confidence interval [CI] = 0.8, 1.9; P = .36); assuming the data supported the hypothesis, the relative risk was 1.95 (95% CI =1.2, 3.1; P = .002).
Secondary Outcomes
The difference between the CD4 counts for the 2 groups was not statistically significant. The median viral load was 1356 in the intervention group and 10 417 in the usual care group (P = .03), a difference in median log viral loads of 0.89. Seventeen patients in the intervention group (36%) and 9 in the usual care group (19%) had undetectable viral loads (P = .051). Six participants in the intervention group and 5 in the usual care group died within 12 months of enrollment (P =.75). Four of the intervention deaths and 3 of the usual care deaths appeared in the Social Security Death Index as of June 28, 2007. 26 We confirmed the other deaths through medical records or family members. The primary and secondary outcomes are summarized in Table 2 .
DISCUSSION
In this randomized trial, we found that housing hospitalized homeless HIV-positive individuals and providing them with intensive case management can increase the proportion surviving with intact immunity and decrease overall viral loads. The 63% relative increase and 21% absolute increase in survival with intact immunity is clinically meaningful. For every 5 patients offered this intervention and for every 3.25 patients provided housing in a program agency, 1 additional patient will be alive with intact immunity.
This study helps to confirm that a ''Housing First'' 27-29 strategy can be effective in housing HIV-infected homeless people and that it can improve health. Housing First is a theory that homeless individuals are best stabilized through housing regardless of the personal challenges they may experience. This contrasts with the traditional housing readiness system that preferentially houses more stable and organized individuals by requiring repeated followup visits, stable contact information, and often sobriety. In the CHHP, there were no sobriety or adherence requirements, and there was no run-in period required to gain entry into the program. Although this study did not compare the Housing First and housing ready models, it confirms that a Housing First strategy can be successfully implemented for hospitalized patients. Because the study sample includes primarily African Americans, our findings also suggest that housing and case management may be effective strategies for addressing health disparities for vulnerable groups. Homeless patients with HIV have been documented to have high hospital readmission rates 30 even when compared with other medically ill homeless patients. Cohort studies have suggested that housing may reduce these admissions. 17 If this reduction is confirmed in other studies, our findings would suggest that a portion of this reduction is likely because of an improvement in the individuals' disease status. Because the CHHP intervention was complex, we could not determine the independent contributions of the various supports provided. Observational studies have found an association between improved adherence to antiretroviral medications and more intensive case management. 19 Although we did not collect information on medication adherence and the intensity of case management as part of this study, case management was likely more intensive in the intervention group than in the usual care group through the Ryan White program. We also expect that the stability afforded to those living in permanent housing improved the ability of individuals to focus on their medical illness rather than on meeting this basic need for housing.
14 Our study has several important limitations. First, the intervention was not blinded. Blinding participants is not possible when housing and case management are the interventions. Our use of objective biological markers of disease hopefully limits the effect of this on our results. Second, we did not measure baseline CD4 counts and viral loads. Although the demographic characteristics of the 2 groups appear to have been well distributed, we cannot state with certainty that the 2 groups did not differ at baseline in their virological or immunological status. Third, 6% of participants could not be located and had no laboratory tests completed after enrollment. This was because of the challenges of prospectively following chronically ill homeless participants, a Some participants who died also had CD4 counts and viral loads completed as part of their usual outpatient care after enrollment. many of whom had substance abuse disorders or mental illness.
Some participants may have died during the study period without being indicated in the Social Security Death Index. Additionally, because of the same challenges following homeless participants noted in the last paragraph, one third of test results analyzed were from a routine outpatient clinical care rather than from specimens analyzed at the reference laboratory. Fourth, using the results of viral loads from 2 different assays may have added additional uncertainty about the accuracy of our outcomes. Fifth, we enrolled only participants who passed through a public hospital, so the applicability of these results to other settings may be questioned. Sixth, because of our small sample size, the presence of missing data, and the borderline statistical significance of some of our findings, these results should be confirmed by additional studies.
Our study indicates that a community-based housing program with intensive case management can improve the health of hospitalized homeless patients with HIV/AIDS. Future planned work by us will examine the effect of this intervention on health service use and costs. Future studies should explore whether these findings extend to other chronic diseases and other housing and case management models. j
